Use of oxonol V as a probe of membrane potential in proteoliposomes containing cytochrome oxidase in the submitochondrial orientation.
Absorbance changes in the anionic dye bis[3-phenyl-5-oxoisoxazol-4-yl]pentamethineoxonol (oxonol V) can be used to monitor the membrane potential of liposomes and cytochrome c containing cytochrome oxidase proteoliposomes (c-loaded COV). Diffusion potentials (positive inside the vesicles) cause an increase in the dye extinction, with a maximum at 640 nm. A similar increase is seen upon energization of internally facing cytochrome oxidase molecules in c-loaded COV. Both "passive" and "active" responses are only seen when the dye is fully bound to the vesicle membrane. Calibration curves using potassium or n-butyltriphenylphosphonium ion (BTPP+) diffusion potentials are linear up to 100 mV and pass through the origin. Diffusion potentials (positive inside) also cause an increase and red shift in the oxonol V fluorescence emission spectrum. However, potentials of the same sign induced by cytochrome oxidase turnover induce a large fluorescence quenching in c-loaded COV. A similar anomaly has been observed with submitochondrial particles [Smith, J. C., Russ, P., Cooperman, B. S., & Chance, B. (1976) Biochemistry 15, 5094-5105]. A model is proposed consistent with these responses. It is suggested that the dye molecules move further into the membrane phase upon energization, causing the absorbance increase. In the presence of active enzyme, anionic dye molecules are attracted to a positive dipole on each enzyme molecule, causing self-quenching of the fluorescence.